We report on studies of physical properties of the two compounds CeFe2Al8 and CeCo2Al8 in which we have found varying degrees of electronic correlational phenomena. No magnetic ordering was detected down to 0.4 K in either of the two compounds. At elevated temperatures an incoherent Kondo interaction between the Ce 4f -electron and the conduction electrons is prevalent in both compounds. CeCo2Al8 exhibits a stable 4f -electron magnetic moment, but in CeFe2Al8 an intermediate-valent state prevails near room temperature that eventually transforms into a Fermi-liquid ground state. The low-temperature specic heat of CeCo2Al8 shows typical strongly correlated electron behaviour and a − log T upturn in its electronic specic heat below about 10 K.
Introduction
Intermetallic compounds comprising magnetic f -and d-electron elements in which hybridization with conduction electrons results in enhanced densities of states close to the Fermi energy beget a wealth of physical phenomena. As part of our program to explore new compounds and crystal structures to broaden our understanding of the physics of the strongly correlated electron class of materials, we report in this work results of a variety of physical properties on the CeT 2 Al 8 pair of compounds in which T = Fe and Co.
Exploratory magnetic properties of X = Al and Ga derivatives were reported [1, 2] after formation of the nominal CeT 2 X 8 stoichiometry type was established. The ndings on CeFe 2 Al 8 that lead Koterlin et al. [2] to conclude that the magnetism in this compound is governed by intermediate valence arising from strong cf hybridization prompted Mössbauer [3] and neutron diraction [4] studies to investigate aspects of the ground state. Electrical resistivity and thermoelectric studies [5] lead to characterizing CeCo 2 Al 8 as a Kondo lattice. In the present work, we extend investigations into the pair of compounds CeFe 2 Al 8 and CeCo 2 Al 8 by means of specic heat, magnetization, and electrical resistivity studies. We argue that the ground state in both compounds is governed by the cf hybridization, but with contrasting outcomes. In CeFe 2 Al 8 a metallic Fermi-liquid ground state is achieved with negligible enhancement in the electronic density of states at low temperatures due to very strong hybridization. The situation is more subtle in CeCo 2 Al 8 on the other hand, and here a heavy Fermi--liquid and proximity to magnetic order are found to be key issues in determining this compound's ground state. [7] . lographic data resulting from this work will be published elsewhere.
The higher-temperature magnetic susceptibilities χ(T ) of the two compounds CeFe 2 Al 8 and CeCo 2 Al 8 measured in a small eld of 0.05 T are shown in Fig. 1 (main part). In CeFe 2 Al 8 a steady loss of magnetic moment and turnaround in χ(T ) rst results in a broad maximum followed by a minimum in χ(T ) near 120 K. It is noted that the higher-temperature susceptibility data of CeFe 2 Al 8 presented by Kolenda et al. [4] as well as those of Tamura et al. [3] were conducted in a much higher eld of 1 T and failed to reveal this subtle variation found in χ(T ). We interpret this magnetic feature of CeFe 2 Al 8 along a model for intermediate-valence proposed by Sales and Wohlleben [8] . A system with two available valence states described by the Boltzmann statistics with Ce 3+ n ; J n = 5/2; µ eff,n = 2.54 µ B and Ce 2+ n−1 ; J n−1 = 0; µ eff,n−1 = 0, means that the fractional occupation of state n reduces to
(1) Here E = E n − E n−1 is the energy separating the two valence states. T sf is a characteristic temperature scale which separates the higher temperature region where thermal excitations determine the relative occupation between the two states and hence the net magnetic response, from the lower temperature region where quantum-mechanical uctuations describe the degeneracy. The magnetic susceptibility of the system becomes
(2) The t depicted on the χ(T ) data of CeFe 2 Al 8 in Fig. 1 was obtained with T sf = 270(2) K, which is close to the observed local maximum in χ(T ). The illustrated t is commensurate with a slowly increasing population of the magnetic J = 5/2 state of Ce as CeFe 2 Al 8 is cooled down, but at room temperature the population is still only about ν(300 K) ≈ 0.45. The susceptibility of CeCo 2 Al 8 on the other hand follows stable-moment CurieWeiss behaviour.
The value µ eff = 2.45(2) µ B and a Weiss temperature of θ P = −136(1) K yielded the t for CeCo 2 Al 8 illustrated in Fig. 1 . This suggests a net antiferromagnetic exchange between magnetic moments in this compound. The magnetic situation in CeFe 2 Al 8 involving strongly hybridized Ce 4f -electrons appears to be a common trend among CeFe type compounds such as CeFe 2 [9] , CeFe 4 Sb 12 [10] , and CeFe 4 P 12 [11] . A special outcome of this type of hybridization is the Kondo insulating state that occurs in CeFe 2 Al 10 [12] for example. Temperature-dependent Mössbauer studies [3] established that in CeFe 2 Al 8 neither Ce nor Fe bears a magnetic moment. This result is consistent with our ndings of a strongly hybridized Ce ion which achieves an eective loss of magnetic moment. The inset in Fig. 1 illustrates magnetization of the two Ce compounds at 2 K. In 7 T, CeCo 2 Al 8 yields ≈ 3 times greater magnetic response compared to the Fe compound. Fig. 2 . Semi-log plot of the specic heat of the two Co compounds LaCo2Al8 (blue) and CeCo2Al8 (red) to emphasize the dierence at low temperatures. Inset: specic heat of the two nonmagnetic compounds LaFe2Al8 and LaCo2Al8 shown in the form Cp/T 3 vs. T to expose the presence of optical phonon excitation modes in these two compounds. Figure 2 (main panel) shows a considerable excess of specic heat C p in CeCo 2 Al 8 over that of its nonmagnetic counterpart LaCo 2 Al 8 . Using C p (T ) of the La compound to quantify the lattice and nonmagnetic contribution is commonly used to compute the magnetic 4f -electron derived contribution of C p (T ) in the Ce compound. In the present case however, we show in the inset of Fig. 2a C p (T )/T 3 plot against temperature which suggests irregular phononic behaviour in the two La compounds. This form of the specic heat is seen to peak near T max ≈ 25 K, and thus indicates a sizeable presence of optical phonons in the excitation spectra of LaFe 2 Al 8 and LaCo 2 Al 8 . It is noted that this feature was not found in either of the two magnetic compounds CeFe 2 Al 8 and CeCo 2 Al 8 . Fig. 3 . Low-temperature specic heat of CeCo2Al8 in the form Cp(T )/T . The dashed line simulates a − log T dependence below 3 K. Inset: Cp(T )/T of CeFe2Al8. Figure 3 (main panel) illustrates low-temperature behaviour of the specic heat C p (T )/T of CeCo 2 Al 8 . Cooling below 10 K produces an upturn in C p (T )/T and in fact below T ≈ 3 K C p (T )/T traces a − log T dependence over more than a decade in temperature. This behaviour of the specic heat in strongly correlated electron systems has become the hallmark of non-Fermi-liquid behaviour originating from a magnetic quantum critical point. Measurements at lower temperatures are needed to investigate the possibility of lower-lying magnetic order. The low-temperature specic heat of CeFe 2 Al 8 (Fig. 3, inset) on the other hand is metallic, somewhat enhanced, and returns a Sommereld coecient amounting to γ ≈ 34(1) J/(mol K 2 ). Fig. 4 . Electrical resistivity of (a) LaFe2Al8 and CeFe2Al8, and (b) LaCo2Al8 and CeCo2Al8. Insets show the magnetic part of the resistivities of CeFe2Al8 and CeCo2Al8.
We turn in the nal instance to results of electrical resistivity ρ(T ) in Fig. 4 . The results are in fair comparison with the available literature [2, 5] . A ρ 4f (T ) ∼ − log T dependence of the 4f -electron derived ρ(T ) is found at higher temperatures (see solid lines in insets), a form of scattering that originates in incoherent Kondo-type scattering of charge carriers from local moments. Closer inspection reveals an important dierence between the two Ce compounds: in CeFe 2 Al 8 , ρ 4f (T ) achieves a maximum at ≈ 200 K with an overall behaviour attributed to a strongly hybridized, intermediate-valent state of Ce. At low temperatures ρ(T ) of CeFe 2 Al 8 follows a Fermi-liquid-like ρ 4f (T ) ∼ T 2 behaviour, see Fig. 4a , dashed line in inset. In CeCo 2 Al 8 , on the other hand, ρ 4f (T ) achieves a maximum at the much lower temperature of 45 K. Considering its total resistivity, the decrease found in ρ 4f (T ) has its roots in a Kondo--lattice eect of phase-translation coherence among 4f --electron local moments. The low-temperature resistivity in this case rather follows a non-Fermi-liquid power law, ρ 4f (T ) ∼ T n with n = 0.76(1), see dashed line in Fig. 4b , inset.
The two compounds CeT 2 Al 8 (T = Fe, Co) display interesting variations in their correlational behaviour. The sensitive nature of the 4f 1 state is attributed primarily to variations in the electronic environment of Ce. Further low-temperature measurements are in progress.
